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(54) Particle composition, recording method, and recording apparatus using the particle 
composition 



(57) A composition comprises a non-aqueous sol- 
vent containing reverse micelle particles formed of block 
polymers having amphipathic properties. A particle 
composition and a composition wherein particles are 
dispersed, which exhibits excellent dispersion proper- 
ties andean form superbly uniform particles, is provided. 
Further, display elements, a recording method, and re- 
cording apparatus, which employ the composition hav- 
ing excellent dispersion properties and forming superbly 
uniform particles, are provided. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

roOOl] The present invention relates to a particle composition, a recording method, and a recording apparatus em- 
ploying the particle composition. Particularly, the present invention relates to particles, which exhibit electrophoresis, 
employed in ink or toner used for a printer or the like, or a display element or the like. 

Description of the Related Art 

r0002] Electrophotographic devices, electrophoretic displays, and so forth, have been known as image formation 
devices employing electrophoretic particles. Most of these devices operate with a mechanism wherein charged color 
material particles exhibit electrophoresis under a static electric field, whereby a pixel is manifested In recent years, 
development of high resolution and high-speed digital printing devices using the wet electrophotography is actively 
being undertaken. Also, in the field of displays, use of electrophoretic particles is being undertaken for on-demand 
reflection displays with low power consumption, which require no backlight and have the nature of memory for display. 
These particles readily exhibit excellent driving properties and developing properties generally using a non-aqueous 
20 medium, specifically, by dispersing the particles in a non-aqueous medium, typically, an organic solvent, rather than 
water or an aqueous solvent. In the present situation described above, development of the electrophoretic particles is 
undertaken for image formation devices with high resolution from various points of view (Japanese Patent La.d-Open 
No 5-273792), and development of the electrophoretic particles having more excellent properties is expected. 
[0003] On the other hand, functional materials as particle compositions for being dispersed in a non-aqueous solvent, 
25 rather than in water or a aqueous solvent, are being developed for the field of the color materials such as ink and the 
like, and for optical materials. 

SUMMARY OF THE INVENTION 

30 [0004] It is an object of the present invention to provide a particle composition and a composition wherein Particles 
are dispersed, having excellent dispersion properties, which can form uniform particles in a superb manner. Further- 
more it is an object of the present invention to provide a display element, a recording method, and a recording appa- 
ratus* using the aforementioned composition with excellently dispersion properties, which forms un.form particles in a 

35 [0005] "to thfe end, according to a first aspect of the present invention, a composition comprises a non-aqueous 
solvent containing reverse micelle particles formed of block polymers having amphipathic properties. 
[0006] The amphipathic block polymer may be a block polymer having three or more block segments, and may be 
a hiqh molecular compound having a repeated unit structure of polyvinyl ether. 

[0007] The composition may contain functional materials, and the materials may be contained in the reverse micelle 
40 particles. 

[0008] The block polymer may have a repeated unit structure represented by 



45 



50 



55 



General chemical formula (1) 

- ( CH 2 - CH ) - 
I 

OR 1 

wherein R1 is selected from the straight-chain, branched or cyclic alkyl group with a straight chain with a carbon 
number between one and eighteen, -Ph, -Pyr, -Ph-Ph, -Ph-Pyr, -(CH(R5)-CH(R6)-0) p -R7 and -(CH^KOVR' and 
wherein the hydrogen atom of the aromatic ring may be substituted for a straight-chain or branched alkyl group with a 
carbon number between one and four, and wherein the carbon atom of the aromatic ring may be substrtuted for a 
nitrogen atom; and wherein p denotes an integer between 1 and 18, m denotes an integer between 1 and 36 and n 
is 0 or 1 ; and wherein R* and R* are independently selected from -H or-CH 3 ; and wherein R? is formed of -H^a straight- 
chain branched, or cyclic alkyl group with a carbon number between 1 and 18, -Ph, -Pyr, -Ph-Ph, -Ph-Kyr, -onu, 
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-CH 2 CHO, -COCH=CH 2 -CO-C(CH 3 )=CH 2 , -CH 2 COOR 8 , wherein in the event that R 7 is other than a hydrogen atom, 
the hydrogen atom combined with the carbon atom within R 7 may be substituted for a straight-chain or branched alkyl 
group with a carbon number between one and four, -F, -CI, or -Br, and the carbon atom of the aromatic ring may be 
substituted for a nitrogen atom; and wherein R8 is -H or the alkyl group with a carbon number between one and five, 
5 wherein Ph represents the phenyl group, and Pyr represents the pyridyl group. 

[0009] The average particle diameter of the reverse micelle particles may be equal to or less than 200 nm, and the 
particle distribution (dispersion index u/G 2 ) thereof equal to or less than 0.2. 

[0010] The non-aqueous solvent may be an organic solvent, and the functional material may be a color material. 
[0011] According to a second aspect of the present invention, with a recording method, recording on a medium is 
10 performed using a composition in which a non-aqueous solvent contains reverse micelle particles formed of block 
polymers having amphipathic properties. 

[0012] According to a third aspect of the present invention, a recording apparatus performs recording using a com- 
position in which a non-aqueous solvent contains reverse micelle particles formed of block polymers having amphip- 
athic properties. 

15 [0013] According to a fourth aspect of the present invention, an ink composition contains a composition wherein a 
non-aqueous solvent contains reverse micelle particles formed of block polymers having amphipathic properties. 
[0014] According to a fifth aspect of the present invention, particles, which exhibit electrophoresis, contain a com- 
position wherein a non-aqueous solvent contains reverse micelle particles formed of block polymers having amphip- 
athic properties. 

20 [0015] According to a sixth aspect of the present invention, a wet toner employs particles, which exhibit electrophore- 
sis, containing a composition wherein a non-aqueous solvent contains reverse micelle particles formed of block poly- 
mers having amphipathic properties. 

[0016] According to a seventh aspect of the present invention, a display element employs particles, which exhibit 
electrophoresis, containing a composition wherein a non-aqueous solvent contains reverse micelle particles formed 

25 of block polymers having amphipathic properties. 

[0017] According to an eighth aspect of the present invention, particles wherein a non-aqueous solvent contains 
compounds having amphipathic block polymers, and pigments, are dispersed in a composition. 
[0018] According to a ninth aspect of the present invention, a recording method uses a composition in which are 
dispersed particles wherein a non-aqueous solvent contains compounds having amphipathic block polymers and pig- 

30 ments. 

[0019] According to a tenth aspect of the present invention, a recording apparatus uses a composition in which are 
dispersed particles wherein a non-aqueous solvent contains compounds having amphipathic block polymers and pig- 
ments. 

[0020] Further objects, features and advantages of the present invention will become apparent from the following 
35 description of the preferred examples with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 is a schematic diagram which illustrates an example of electrophoretic elements using electrophoretic 
40 particles according to the present invention. 

DESCRIPTION OF THE PREFERRED EXAMPLES 

[0022] The present inventors have made the present invention upon zealously-conducted research. Description 

45 thereof will now be made in detail. 

[0023] A first example of the present invention relates to a reverse-micelle-particle-containing composition wherein 
a non-aqueous solvent contains reverse micelle particles formed of block polymers having amphipathic properties. 
[0024] Furthermore, a second example of the present invention relates to a composition wherein reverse micelle 
particles formed of block polymers with the amphipathic properties are dispersed in a non-aqueous solvent, and an 

so ink composition having the feature of containing the aforementioned composition with an average diameter of the 
reverse micelle particle of 200 nm or less, and particle diameter distribution (dispersion index n/G 2 ) of 0.2 or less. 
[0025] The composition of the present invention is a composition contained in a non-aqueous solvent. Examples of 
non-aqueous solvents include organic solvents, resin, and the like. As an organic solvent, a hydrocarbon solvent such 
as hexane, heptane, octane, decane, toluene, ISOPER (phonetic spelling, the same hereafter), or the like, or a solvent 

55 such as cyclohexanone, acetone, methyl ethyl ketone, butyl acetate, or the like, can be used. Furthermore, natural 
fats and oils such as olive oil, soybean oil, beef tallow, lard, or the like, can be employed. Moreover, silicone oil, fluorine 
oil, can be used. Examples of binder resin include styrene-acrylonitrile copolymer, polyester, and the like. 
[0026] The content of non-aqueous solvent used for the composition of the present invention is in the range between 
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1% by mass and 99 8% by mass. The content is preferably in the range between 5% by mass and 99.5% by mass. 
Furthermore, the content is more preferably in the range between 10% by mass and 99% by mass. In the event that 
the content is less than 1% by mass, the dispersion of the particles could be insufficient, and in the event that the 
content is greater than 99.8% by mass, the effect of dispersion could be insufficient. 

5 [0027J Description will be made regarding a block polymer with the amphipathic properties, which is a further feature 
according to the present invention. As specific examples of block polymers which can be used for the present invention, 
conventionally-known block polymers such as acrylic or methacrylic block polymers, block polymers formed of poly- 
styrene and blocks of other addition-polymerized or polycondensed block polymers, block polymers having blocks of 
polyoxyethyleneand polyoxyalkylene, or the like, can be used. With the present invention, a block polymer containing 

io a structure of polyvinyl-ether is preferably employed. Furthermore, in the present invention, a block polymer may be 
a graft polymer containing a polyvinyl ether structure, and a certain segment of the block polymer may be a copolym- 
erization segment, and the form of the copolymerization is not restricted, rather, random segments or graduation seg- 
ments may be employed, for example. 

[0028] Now description will be made regarding to a block polymer containing a polyvinyl structure, which is preferably 
is employed in the present invention. While a great number of reports have been made with regard to the synthesis 
methods for polymers containing a polyvinyl structure (Japanese Patent Laid-Open No. 11-080221 ), a method with the 
cation living polymerization proposed by Aoshima et al. (Japanese Patent Laid-Open No. 11-322942, Japanese Patent 
Laid-Open No. 11-322866) is known as a typical example. With the method, polymer synthesis is performed with the 
cation living polymerization, whereby a homopolymer or a copolymer formed of two or more kinds of monomers, and 
so furthermore, various polymers such as a block polymer, graft polymer, graduation polymer, and the like, can be syn- 
thesized with the length (molecular weight) being precisely adjusted. Furthermore, with this polyvmyl ether, various 
functional groups can be introduced to the side chains thereof. The cation polymerization method can be performed 
in the Hl/U system, HCI/SnCI 4 system, as well. 

[0029] Also, the structure of the block polymer containing the polyvinyl ether structure may be a copolymer formed 
25 of vinyl ether and another polymer. Also, a graft polymer wherein a block polymer is grafted into the chain of another 
high molecule may be employed. 

[0030] With the present invention, a block polymer with a block form such as AB, ABA, ABD, ABDE, or the like, is 
preferably employed. Note that A, B, D, and E each represent different block segments. Each block segment may be 
a segment formed of single repetitious units, or may be a copolymerization segment formed of multiple repetitious units. 
30 [0031] More specifically, the block polymer containing a polyvinyl ether structure preferably has a repetit.ous unit 
structure of a polyvinyl ether structure. As a specific example, a unit structure represented by the following general 
chemical formula (1) is preferably employed. 



35 General Chemical Formula (1) 

— ( CH 2 — CH ) — 
I 

OR 1 



40 



[0032] in the formula, R 1 is selected from the straight-chain, branched or cyclic alkyl group with a straight chain with 
a carbon number between one and eighteen, -Ph, -Pyr, -Ph-Ph, -Ph-Pyr, -(CH(R5)-CH(R 6 )-0) p -R 7 , and -(CH 2 ) m -(0) n - 
45 R7 wherein the hydrogen atom of the aromatic ring may be substituted for a straight-chain or branched alkyl group 
with acarbon number between one and four, and the carbon atom of the aromatic ring may be substituted for a nitrogen 
atom. Note that p denotes an integer between 1 and 1 8, m denotes an integer between 1 and 36, and n is 0 or 1 . Note 
that R 5 and R 5 are independently selected from -H or -CH 3 . 

[0033] R 7 is formed of -H, a straight-chain, branched, or cyclic alkyl group with a carbon number between 1 and 18, 
so -Ph -Pyr, -Ph-Ph -Ph-Pyr, -CHO, -CH 2 CHO, -CO-CH=CH 2 -CO-C(CH 3 )=CH 2 , -CH 2 COOR 8 , wherein in the event that 
R 7 is other than a hydrogen atom, the hydrogen atom combined with the carbon atom within R 7 may be substituted 
for a straight-chain or branched alkyl group with a carbon number between one and four, -F, -CI, or -Br, and the carbon 
atom of the aromatic ring may be substituted for a nitrogen atom. R8 is -H or the alkyl group with a carbon number 
between one and five. Note that Ph represents the phenyl group, and Pyr represents the pyridyl group. 
55 [0034] With the present invention, -Ph represents the phenyl group, -Pyr represents the pyridyl group, -Ph-ph rep- 
resents the biphenyl group, and -Ph-Pyr represents the pyridylphenyl group. With the phenyl group, the biphenyl group, 
and the pyridylphenyl group, any position isomer can be employed. 

[0035] With the present invention, a block polymer with amphipathic properties is employed. For example, hydro- 
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phobic block segments and hydrophilic block segments are selected from the repeated unit structure represented by 
the above-described general chemical formula (1), and synthesis is performed, thereby obtaining the block polymer 
with amphipathic properties. 

[0036] Next, structures of vinylether monomer are shown as examples of repeated unit structures of a polyvinyl ether 
structure of a block polymer. Note that the polyvinyl ether structure employed in the present invention is not restricted 
to these structures. 



10 ~ ( CH*-CH ) - (1) 

I 

0CH*CH a 0C 2 Hs 

15 

- ( CH* - CH ) - (2) 
I 

OCHaCHaOCHs 

20 



- ( CH*-CH ) - (3) 
I 



OCHaCHaOPh 



30 - ( Clfc-CH ) - <4) 

I 

OCHaCH (CHs) 2 

35 

- ( CHa-CH ) - (5) 



40 



45 



50 



OCHaCHaOH 



( CH 2 - CH ) - 
I 

OCHaCHaOPhPh 



( CHa - CH ) - 
I 

O C H2 C H2 C H2 C H2 C Hs 
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( CHa~ CH ) ~ 
I 

OCH, 



- ( CH* — CH ) - 

i 

OPh 



15 

- ( CH 2 — CH ) - 



20 



25 



35 



I 

OCHaCOOH 



( CH 2 -CH ) - 
I 

OCHzCOOCzHs 



30 - ( CH 2 - CH ) 

I 



OCH 2 COO" Na + 



- ( CH Z — CH ) — 
I 

40 OCHsCHaCHaCOOH 



45 - ( CH 2 -CH ) - 

I 

O C HsC HaC HaC O O C 2 H6 

so 

- ( CHa-CH ) - 

I 

55 OCH 2 CH»CHaCOO-Na + 
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w 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



- ( CH 2 - CH ) - 
I 

OCHaCHa (CHjCOOCjH), 



- (CHa-CH ) - 

I 

OCHaCH (CH2COO ) 2 Zn 2+ 

- ( CHa - CH ) - 

I 

OCHaCHaOCHaCOOH 

- ( CHa - CH ) - 

I 

O C HaC HaO C HaC O O Ca Hs 



( CHa-CH ) - 

I 

OCHaCHaOCHaCOO" Na* 



( CHa-CH ) - 

I 

OCHaCHaPhCOOCaHs 



( CHz — CH ) - 

i 

OCHaCHaOPhCOO" Na* 



— ( CHa — CH ) — 
I 

OCHaCHaOPhCOO" K + 

[0037] With the specific examples of the repeated unit structure described above, of the chemical formulas (1 ) through 
(5), the chemical formulas (3) and (4) represent hydrophobic unit structures, and the chemical formulas (1), (2), and 
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(5) represents unit structures which changes to the hydrophilic properties or the hydrophobic properties depending 

S^CJi structures of polyvinyl ether block polymer formed of these viny.ether monomer will be shown 
below. Note that the polymer employed in the present invention is not restricted to these structures. 

^ch,-ch)-{ch.-ch)- -(ch,-ch)-(ch,-ch)- 



Me 



I I 

Et Me 




( II - a ) 



( II - b ) 



1 1 O^P= 

Me CHO ° F 



Me 



( II - c ) 



( II - d ) 



50 



55 
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CHa-CH^ ^ CHz-CH^ ^ CHz-CH^ — 

r i °5 

i - Pr Et CT 

I 

' 5 Et 

( Il-e ) 

20 



25 



30 



{ 



chi-ch4 — 

Me 



( II - f ) 



35 [0039] With this polyvinyl ether as described above, the numbers of the repeated units u, v, and w, are preferably 
equal to or greater than 3 and equal to or less than 10,000, independently, and furthermore, the sum (u + v + w) is 
more preferably equal to or greater than 10 and equal to or less than 20 : 000. 

[0040] The molecular weight distribution of the block polymer employed in the present invention (= Mw (weight- 
average molecular weight) / Mn (number-average molecular weight)) is equal or less than 2.0, is preferably equal to 

40 or less than 1 .6, further preferably equal to or less than 1 .3, and moreover preferably equal to or less than 1 .4. The 
number-average molecular weight (Mn) of the block polymer employed in the present invention is preferably in the 
range between 1000 and one million, and in the event that the number-average molecular weight is less than 1000, 
or greater than one million, materials which exhibit desired functions could not be dispersed well in a solvent. 
[0041] Furthermore, molecular movement of the block polymer is preferably more flexible for improving dispersion 

45 stability and improving properties of containing materials, due to the block polymer having properties of readily having 
affinity for functional materials in a physical manner. Furthermore, the molecular movement of the block polymer is 
preferably flexible for easily forming a coating layer on a recording medium, as well, as described later in detail. More- 
over, the molecular movement of the block polymer is preferably flexible for easily forming particles with a uniform 
particle diameter, as well, as described later. Accordingly, the glass-transition temperature Tg of the principal chain of 

so the block polymer is preferably equal or less than 20°C, and more preferably 0°C, and further preferably -20°C. From 
this point of view, the polymer having a polyvinyl ether structure is preferably employed due to the low glass-transition 
temperature thereof and the flexible properties thereof. 

[0042] The content of the above-described block polymer contained in the composition of the present invention is in 
the range between 0.1% by weight and 80% by weight, and is preferably in the range 0.5% by weight and 60% by 
55 weight. In the event that the amount of the block polymers is less than 0.1% by weight, the color materials contained 
in the ink composition of the present invention could not be sufficiently dispersed, or could not be contained in the 
block polymers. Conversely, in the event that the amount of the block polymers is greater than 80% by weight, the 
viscosity of the ink composition could be too great. 
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[0043] Furthermore, with the present invention, the composition formed of block polymers having a feature of hav.ng 
three or more block segments is preferably employed. As a typical example, triblock polymer is known. In this case, 
the block polymer has at least one amphiphilic segment with and one amphiphobic segment, and further at least one 
block segment other than these two segments. The block polymer has an amphiphilic segment and an amphiphobic 
5 segment, which are required for forming a reverse micelle particle, and furthermore, at least one segment having 
another function, thereby enabling a high functional dispersion composition to be provided. 

r0044] Furthermore the composition of the present invention preferably contains a functional matenal. The functional 
material is preferably a fluid, or a solid, and may be a dissolvent substance. For example, oils p.gments as color 
materials, paints, metal, herbbides, insecticides, biomaterials, dyes, pharmaceuticals, or molecular catalysts, can be 

10 employed. The content of the functional material contained in the composition of the present invention is equal to ,w 
greater than 0.1% by weight and equal to or less than 80% by weight, and is preferably equal to or 9"*»rtt» . . 0.5 £ 
by weight and equal to or less than 60% by weight. In the event that the content is less than 0.1% by we.ght, the 
functional material could not sufficiently exhibit the function thereof. Conversely, in the event that the content is greater 
80% by weight, dispersion could be insufficient. Description will be made below regarding specific examples of color 

is materials preferably employed as functional materials. 

rO045] With the pigments, either organic pigments or inorganic pigments may be employed, and as pigments em- 
ployed for ink a black pigment and pigments of the three primary color of cyan, magenta, and yellow, can be preferably 
employed Note that color pigments other than those described above, colorless or light-color p.gments, or metall.c- 
luster pigments, orthe like may be employed. Furthermore, with the present invention, commercially-available pigments 

20 may be employed, or specially-synthesized pigments may be employed. Also, the pigments and dyes may be employed 

[OoJeT Examples of commercially-available pigments with regard to black, cyan, magenta, and yellow, will be given 

[0047] Examples of black pigments include Raven 1 060, Raven 1 080, Raven 1 1 70, Raven 1 200, Raver . 1 250, Raven 
25 1 255 Raven 1500, Raven 2000, Raven 3500, Raven 5250, Raven 5750, Raven 7000, Raven 5000 ULTRA .11 Raven 
1190 ULTRA 11 (which are manufactured by Colombian Carbon Co.), Black Pearls L, MOGUL-L, Regal 400R Regal 
660R, Regal 330R, Monarch 800, Monarch 880, Monarch 900, Monarch 1000, Monarch 1300, Monarch 1400 (wh.ch 
are manuf actured by Cabot Co.), Color Black FW1 . Color Black FW2, Color Black FW200, Color B ack , B Color Black 
S160, Color Black S170, Special Black 4, Special Black 4A, Printex 35, Printex U, Pnntex 140U Pnntex V Pnntex 
30 1 40V (which are manufactured by Degussa Co.), No. 25, No. 33, No. 40, No. 47, No. 52, No. 900, No 2300 MCF* 
MA600, MA7, MAS, MA100 (which are manufactured by Mitsubishi Chemical Co.), and the like. Note that the black 
piqments employed in the present invention is not restricted to these examples. 

[0048] Examples of cyan pigments include C. I. Pigment Blue-1, C. I. Pigment Blue-2, C I. Pigment Blue-3 C. I. 
Pigment Blue-15, C. I. Pigment Blue-15:2, C. I. Pigment Blue-15:3, C. I. Pigment Blue-15:4, C. I. Pigment Blue-1 6 C. 
I. Pigment Blue-22, C. I. Pigment Blue-60, and the like. Note that the cyan pigments employed in the present invention 
is not restricted to these examples. 

[0049] Examples of magenta pigments include C. I. Pigment Red-5, C. I. Pigment Red-7 C. I Pigment R«M2, C. 
I. Pigment Red 48, C. I. Pigment Red-48:1, C. I. Pigment Red-57, C. I. Pigment Red-112 C. I Pigment Red-1 22, C. 
I Pigment Red-123, C. I. Pigment Red-146, C. I. Pigment Red-168, C. I. Pigment Red-184, C. I. Pigment Red-202, C 
L Pigment Red-207, and the like. Note that the magenta pigments employed in the present invention is not restricted 

[0050] e E^arTpfes of yellow pigments include C. I. Pigment Yellow-12, C. I. Pigment Yellow-13, C. I. Pigment Yellow- 
14 C I. Pigment Yellow-1 6, C. I. Pigment Yellow-17, C. I. Pigment Yellow-74, C. I. Pigment Yellow-83 C. I. Pigment 
Yeilow-93, C. I. Pigment Yellow-95, C. I. Pigment Yellow-97, C. I. Pigment Yellow-98, C. I. Pigment Yellow-1 14 C I. 

45 Pigment Yellow-128, C. I. Pigment Yellow-129, C. I. Pigment Yellow-151 , C. I. Pigment Yellow-154, and the like. Note 
that the yellow pigments employed in the present invention is not restricted to these examples. 
[0051] Also, pigments which can spontaneously disperse in water may be employed in the ink composition of the 
present invention. As the pigments which can be dispersed in water, pigments, using the effect of steric hindrance, of 
which surfaces have absorbed polymers, and pigments using the electrostatic repulsion are known. Examples of com- 

so mercially-available products include CAB-0-JET200 and CAB-0-JET300 (which are manufactured by Cabot Co.), and 
Microjet Black CW-1 (Oriental Chemical Co.), and the like. 

[0052] The content of the pigment employed in the composition of the present invention .s preferably in the range 
between 0. 1 % by mass and 50% by mass as to the total mass. In the event that the content is less than 0 .1 % by mass, 
sufficient image contrast cannot be obtained. Conversely, in the event that the'content is greater than 50 /<, by mass, 
55 the condensation of the pigment is caused, and the pigment cannot be dispersed. The content of pigment is more 
preferably in the range between 0.5% by mass and 30% by mass. 

[0053] Furthermore, with the composition of the present invention, dyes may be employed. Direct dyes, acid dyes, 
basic dyes, reactive dyes, water-soluble dyes for food dyes, or insoluble dyes for dispersion dyes, as descnbed below, 
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may be employed. 

[0054] Examples of water-soluble dyes include direct dyes such as C. I. Direct Black -1 7, -1 9. -22. -32, -38, -51 , -62, 
-71 , -108, -146, -154; C. I. Direct Yellow -12, -24, -26, -44, -86, -87, -98, -100, -130, -142,; C. I. Direct Red -1 , -4, -13, 
-17, -23, -28, -31,-62, -79, -81,-83, -89, -227, -240, -242, -243; C. I. Direct Blue -6, -22, -25, -71,-78, -86, -90, -106, 

5 -199; C. I. Direct Orange -34, -39, -44, -46, -60; C. I. Direct Violet -47, -48; C. I. Direct Brown -109; C. I. Direct Green 
-59, and the like, the acid dyes such as C. I Acid Black -2, -7, -24, -26, -31,-52, -63, -112, -118, -168, -172, -208; C. I 
Acid Yellow -11, -17, -23, -25, -29, -42, -49, -61,-71; C. I Acid Red -1, -6 : -8, -32, -37, -51, -52 : -80, -85, -87, -92, -94, 
-115, -180, -254, -256, -289, -315, -317; C. I Acid Blue -9. -22, -40, -59, -93, -102, -104, -113, -117, -120, -167, -229, 
-234, -254; C. I Acid Orange -7, -19; C. I Acid Violet -49, and the like, the reactive dyes such as C. I Reactive Black 

10 -1,-5, -8, -13, -14, -23, -31, -34, -39; C. I Reactive Yellow -2, -3, -13, -15, -17, -18, -23, -24, -37, -42, -57, -58, -64, -75, 
-76, -77, -79, -81,-84, -85, -87, -88, -91,-92, -93, -95, -102, -111,-115, -116, -130, -131,-132, -133, -135, -137, -139, 
-140, -142, -143, -144, -145, -146, -147, -148, -151,-162.. -163; C. I Reactive Red -3, -13, -16, -21, -22, -23, -24, -29, 
-31, -33 : -35, -45, -49, -55, -63, -85, -106, -109, -111, -112, -113. -114, -118, -126, -128, -130, -131, -141, -151, -170, 
-171, -174, -176, -177, -183, -184, -186, -187, -188, -190, -193, -194, -195, -196, -200, -201, -202, -204, -206, -218, 

15 -221; C. I Reactive Blue -2, -3, -5, -8, -10, -13, -14, -15, -18, -19, -21, -25, -27, -28, -38, -39, -40, -41, -49, -52, -63, 
-71, -72, -74, -75, -77, -78, -79, -89, -100, -101,-104, -105, -119, -122, -147, -158, -160, -162, -166, -169, -170, -171, 
-172, -173, -174, -176, -179, -184, -190. -191, -194, -195, -198, -204, -211, -21 6 : -217; C. ! Reactive Orange -5, -7, 
-11 , -12, -13, -15, -16, -35, -45, -46, -56, -62, -70 : -72, -74, -82, -84, -87, -91 , -92, -93, -95, -97, -99; C. I Reactive Violet 
-1, -4, -5, -6, -22, -24, -33, -36, -38; C. I Reactive Green -5, -8, -12, -15, -19, -23; C. I Reactive Brown -2, -7, -8, -9, -11, 

20 -16, -17, -18, -21,-24, -26, -31, -32, -33, and the like, C. I Basic Black -2, C. I Basic Red -1, -2, -9, -12, -13, -14, -27; 
C. I Basic Blue -1 , -3, -5, -7, -9, -24, -25, -26, -28, -29; C. I Basic Violet -7, -14, -27; C. I Food Black -1 , -2, and the like. 
[0055] Note that while the aforementioned examples of color materials are preferable for the present invention, the 
color materials employed in the composition of the present invention are not restricted to the above-described color 
materials. The content of the dye employed in the composition of the present invention is preferably in the range 

25 between 0.1% by weight and 50% by weight as to the weight of the ink. 

[0056] With the composition of the present invention, the functional materials are preferably contained in reverse 
micelle particles. The functional materials are contained in the polymers, thereby enabling decomposition of the func- 
tional materials to be prevented. 

[0057] Note that, with the reverse micelle particles formed of amphipathic block polymers according to the present 
30 invention, the amphipathic block polymer indicates a block polymer which is both amphiphilic and amphiphobic. Fur- 
thermore, the amphipathic block polymer preferably has hydrophile and hydrophobe. While a normal micelle particle 
is a particle having hydrophilic groups on the perimeter thereof and having hydrophobic groups at the inner core thereof 
in an aqueous solvent, a reverse micelle particle is a particle having hydrophobic groups on the perimeter thereof and 
having hydrophilic groups or amphiphobic groups at the inner core thereof in an organic solvent. 
35 [0058] Materials wherein functional materials have been dissolved into small amount of water are introduced in the 
hydrophilic cores of reverse micelle particles in an organic solvent wherein block polymers are formed, whereby the 
reverse micelle particles containing the materials can be formed, forexample. Also, the particle containing the functional 
materials can be formed with a method wherein polymers and color materials are dissolved in water following which 
phase inversion into an organic solvent is carried out so as to form reverse micelle particles containing the materials. 
40 Furthermore, for example, the particles containing the functional materials can be formed with a method wherein the 
functional materials dissolved in water are dispersed in reverse micelles in an organic solvent where block polymers 
are formed. Moreover, the particles containing the functional materials can be formed with a method wherein polymers 
are dissolved in water, and the functional materials are dispersed following which phase inversion into an organic 
solvent is performed. 

45 [0059] In order to confirm the particles contain the functional materials, instrumental analysis such as analysis using 
various types of electron microscopes, analysis using X-ray diffraction, or the like, can be made. Also, in the event that 
reverse micelles contain the materials, the state wherein the reverse micelle particles contain the materials can be 
confirmed by separating polymers and the color materials from a solvent under reverse micelle disintegration condi- 
tions. Furthermore, in the event that the functional materials are insoluble as to a dispersion solvent in liquid, and 

so excellent dispersion is obtained under coexistence with the reverse micelles, a judgment may be made that the func- 
tional materials are substantially contained in the reverse micelles. As described above, the block polymer preferably 
forms reverse micelle state, and accordingly, the block polymer employed in the present invention is preferably has 
amphipathic properties. 

[0060] The content of the contained functional materials is preferably 90% or more, is more preferably 95% or more, 
55 and is furthermore preferably 98% or more. The content can be observed by analysis using various types of electron 
microscopes, analysis using X-ray diffraction, color density analysis for the color materials, as well. 
[0061] A second example of the present invention is a composition wherein reverse micelle particles are dispersed 
in a non-aqueous solvent with the average particle diameter being 200 nm or less, and particle diameter distribution 
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(dispersion index yJG 2 ) being 0.2 or less. 

[0062] Here, the average particle diameter is defined as the Stokes diameter. The Stokes diameter can be measured 
with the sedimentation velocity method, photon correlation, ultrasonic attenuation spectoscopy, or the like. In the 
present invention, measurement is made with the dynamic light scattering using photon correlation. In general, as an 

5 index for u niformity of the particle diameters , the dispersion index u/G 2 (u. denotes the second coefficient of the cumulant 
expansion, G denotes the attenuation constant) is employed (The Journal of Chemical Physics, vol. 70, p3965, in 
1979). This value can be obtained with the dynamic light scattering. Examples of particle diameter measurement ap- 
paratuses using the dynamic light scattering, include DLS7000 manufactured by Otsuka Electronics Co., Ltd., and the 
like. The particle diameter d measured with the apparatus is the Stokes diameter. 

w [0063] With the composition of the present invention, the average particle diameter is 200 nm or less, and the particle 
diameter distribution (dispersion index u7G 2 ) of is extremely narrow, i.e., 0.2 or less, such that interaction with visible 
light is hardly effected, and thus the composition can be made substantially transparent, although the composition is 
formed of a dispersion medium. The average particle diameter is more preferably 150 nm or less, and the particle 
diameter distribution (dispersion index n/G 2 ) is more preferably 0.1 or less. Furthermore, the average particle diameter 

15 is even more preferably 100 nm or less, with the particle diameter distribution (dispersion index u7G 2 ) of 0.1 or less. 
In the event that the average particle diameter exceeds 200 nm, and the particle distribution (dispersion index u7G 2 ) 
exceeds 0.2, scattering of visible light could be markedly caused. The composition described in the first example of 
the present invention is preferably employed for realize small particle diameter with uniform particle diameter distribution 
(dispersion index n/G 2 ). 

20 [0064] A third example of the present invention is an image formation method which employs the above-described 
composition. Furthermore, preferably examples includes recording apparatus such as printer or the like, and a display 
element (device), which employs the compositions. 

[0065] A fourth example of the present invention is an image formation apparatus using the aforementioned image 
formation method or the aforementioned device. As a specific example, an arrangement may be made wherein the 

25 composition of the present invention is employed as an electrophoretic particle composition. As a typical example of 
the electrophoretic particle composition, a wet toner used in wet electrophotography is known. In many cases, such a 
composition containing particles exhibiting electrophoresis (electrophoretic particle composition) contains charge-im- 
parting agents such as metallic soap, chemical materials for improving dispersion, or the like. The diameter of the 
electrophoretic particle employed in the present invention is preferably equal to or less than 100 u.m and equal to or 

30 greater than 0.001 nm, and furthermore, is more preferably equal to or less than 10 ujn and equal to or greater than 
0.01 urn. The measurement of the particle diameter can be made with an optical microscope, laser diffraction, or 
dynamic light scattering. Of these methods, the dynamic light scattering method is preferably employed for measuring 
the diameter of the particle in the range around between 0.01 ujn and 1 0 utn, which is a preferable range of the particle 
diameter. Using the dynamic light scattering, the particle distribution can be measured. With the electrophoretic particles 

35 of the present invention, the particle diameter distribution is preferably uniform. As an index for the uniformity of the 
particle diameter, in general, the dispersion index u7G 2 fti denotes the second coefficient of the cumulant expansion, 
and G is the attenuation constant) proposed by Gulari et al. is employed (The Journal of Chemical Physics, vol. 70, 
p3965, in 1979). This value can be obtained with the dynamic light scattering. The particle distribution of the electro- 
phoretic particles employed in the present invention is preferably uniform with the dispersion index u7G 2 being 0.2 or 

40 less, and more preferably with the dispersion index u7G 2 being 0.1 or less, and furthermore, even more preferably with 
the dispersion index uVG 2 being 0.05 or less. 

[0066] Fig. 1 is a schematic diagram which illustrates an example of electrophoresis using the electrophoretic par- 
ticles, and a display element, according to the present invention. The basic configuration of the electrophoretic element 
serving as a display element should be a known configuration, and the configuration is not to be restricted to any 

45 particular one. The electrophoretic element should include display means comprising at least electrophoretic particles 
1 according to the present invention, a dispersion medium 2 wherein the electrophoretic particles are dispersed, and 
a substrate 6 on which an electrode 3 or 4 is formed. The particles move in the direction of either the upper or lower 
electrode under application of an electric field, whereby display is performed according to the color tone of the particles 
and the dispersion medium. Furthermore, using particles formed using multiple dyes in different colors enables a display 

so device which can handle multicolor display can be realized. In this case, in the event that the specific gravity of the 
particle differs according to the kind of the employed dye, this can be handled by adjusting the specific gravity of the 
dispersion medium. The image formation device of the present invention is employed in printing devices, or display 
devices, for example. 

[0067] Driving means for providing driving signals according to the image information are further provided to the 
55 electrophoretic elements shown in Fig. 1 , whereby an electrophoretic display device as an image formation device can 
be configured. 

[0068] It is needless to say that the electrophoretic particles can be loaded in the apparatus for wet electrophotog- 
raphy so as to be used as a toner. Furthermore, the electrophoretic particles can be used for an ink jet apparatus 
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employing oil ink marketed by Fuji Xerox Co., Ltd. (brand name Phaser) or the like, as well. While any of the known 
methods such as piezo ink jet method using a piezoelectric element or thermal ink jet method wherein recording is 
performed by applying thermal energy so as to cause bubbles., can be used for the ink jet method and ink jet appara- 
tuses, the former is preferably employed. Also, either of continuous-type or on-demand type systems can be employed. 
5 Furthermore, the ink composition of the present invention can be employed in a recording method wherein following 
the ink being printed onto an intermediate transfer medium, the ink is transferred to a final recording medium such as 
a paper sheet, or the like. 

[0069] Description will be made below regarding examples according to the present invention in detail. Note that the 
present invention is not restricted to these examples. 

w 

First example 

[0070] Synthesis of block polymers: Synthesis of a tri-block polymer formed of isobutyl-vinylether (IBVE: block A), 
2-methoxy-ethoxy-vinylether (MOVE: block B), and 4-(2-vinyloxy)-ethoxy-ethyl-benzoate (VEOEtPhCOOEt: block C) 

15 [0071] Following an atmosphere in a glass container with a 3-way valve being replaced by a nitrogen gas, the con- 
tainer was heated under the nitrogen gas atmosphere at 250°C so as to remove absorbed water. Following the system 
being returned to room temperature, 12 mmol (milli-mol) of IBVE, 16 mmol of ethyl acetate, 0.05 mmol of 1-isobutoxy- 
ethyl-acetate, and 1 1 ml of toluene were added to the system, and subsequently, the reaction system was refrigerated. 
Upon the temperature of the system reaching 0°C, 0.2 mmol of ethylaluminium sesquichloride (equimolar mixture of 

20 diethylaluminium chloride and ethylaluminum dichloride) was added so that polymerization was started. The molecular 
weight was monitored in a time-sharing manner using molecular sieving column chromatography (GPC) so as to confirm 
completion of polymerization of the block A. 

[0072] Subsequently, 12 mmol of the B block (MOVE) was added to the system, and the polymerization was contin- 
ued. Following confirmation of the completion of polymerization of the block B by monitoring with GPC : a toluene 
25 solution with a component of block C of 1 0 mmol was added so that the polymerization was continued. After 20 hours, 
the polymerization was stopped. The stop of the polymerization was performed by adding an ammonia/methanol so- 
lution of 0.3% by mass into the system. 

[0073] The reaction mixture solution was diluted with dichloromethane, was washed with hydrochloric acid of 0.6 M 
three times, and subsequently was washed with distilled water 3 times. The obtained organic phase was condensed 

30 and coagulated with an evaporator, and was subjected to vacuum drying following which dialysis was repeatedly per- 
formed for the obtained organic phase in a methanol solvent using a cellulose semi-permeable membrane so as to 
remove monomer compounds, whereby a tri-block polymer, which is the object, was obtained. Identification of the tri- 
block polymer compound was performed with NMR and GPC. With the measurement, Mn was 46,300, and Mw/Mn = 
1 .36. The weight ratio of A : B : C was 200 : 200 : 30. 

35 [0074] Furthermore, the obtained block polymer was hydrolyzed in a mixed solution of dimethyl-formamide and so- 
dium hydroxide so that the component of the block C was hydrolyzed, whereby a tri-block polymer salified with sodium 
was obtained. Identification of the tri-block polymer compound was performed with NMR and GPC. 
[0075] The polymer was dispersed in chloroform, whereby a transparent dispersion solution was obtained. The av- 
erage particle diameter d and the dispersion index u7G 2 of the dispersion particles were measured using a dynamic 

40 light scattering apparatus (DLS-7000 manufactured by Otsuka Electronics Co., Ltd.). With the measurement, the av- 
erage particle diameter d was 155 nm, and the dispersion index uVG 2 was 0.18. 

Second example 

45 [0076] Description will be made regarding an electrophoretic element using the electrophoretic particles. First of all, 
20 units by weight of the above-described block polymer and 3 units by weight of a spontaneous-dispersion pigment 
for water (CAB-0-JET200 manufactured by Cabot Co.) were added to 30 units by weight of distilled water following 
which the mixture solution was dispersed with an ultrasonic homogenizes The mixture solution was gradually added 
to 300 units by weight of a hydrocarbon organic solvent (ISOPER H) while stirring and dispersing the solution. Fur- 

so thermore, 0.5 weight units of cobalt diiso-octyl-sulfo-succinate was added to the solution, and was stirred for ten hours 
under a temperature of 1 00°C so that the particle dispersion compositions in the hydrocarbon organic solvent (ISOPER 
H) were adjusted, and filtration was performed with a Teflon (registered trademark) filter with a pore diameter of 0.4 
]xm, whereby a composition employed in the examples described below was obtained. 

[0077] Copper electrodes formed on two glass substrates were disposed with a space of 300 u,m therebetween, and 
55 the above-described particle dispersion composition was placed between the copper electrodes and left standing still. 
Upon applying an AC voltage of 300 V and 60 Hz to the structure, the black particles exhibited electrophoresis according 
to the electric field. Furthermore, the dispersion composition being left standing for a month and then tested, but change 
such as precipitation or the like did not occur, indicating that the dispersion composition was dispersed in a stable 
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manner. 



Third example 

s [0078] Upon the block polymer of the first example being dispersed in methylene chloride, a transparent dispersion 
solution was obtained. The average diameter d and the dispersion index uVG* of the dispersion particles were measured 
using a dynamic light scattering apparatus (DLS-7000 manufactured by Otsuka Electronics Co., Ltd.). The measure- 
ments showed the average particle diameter d to be 140 nm, and the dispersion index \xJG 2 to be 0.15. 

10 Fourth example 

[0079] Description will be made regarding an electrophoretic element using the electrophoretic particles. First of all, 
10 units by weight of the block polymer obtained in the example 1 and 3 weight units of C. !. Direct B!ack-17 were 
mixed in 20 units by weight of distilled water following which the solution was dispersed in 300 units by weight of a 
is hydrocarbon organic solvent (ISOPER H). Furthermore, 0.5 units by weight of cobalt diiso-octyl-sulfo-succinate were 
added to the solution, and was stirred for ten hours under a temperature of 100°C so that the particle dispersion 
compositions in the hydrocarbon organic solvent (ISOPER H) were adjusted : and filtration was performed with a Teflon 
(registered trademark) filter with a pore diameter of 0.4 u.m, whereby a composition employed in the examples described 
below was obtained. 

20 [0080] Copper electrodes formed on two glass substrates were disposed with a space of 300 u.m therebetween, and 
the above-described particle dispersion composition was placed between the copper electrodes and left standing still. 
Upon applying an AC voltage of 300 V and 60 Hz to the structure, the black particles exhibited electrophoresis according 
to the electric field. The average diameter d and the dispersion index u/G 2 of the dispersion particles were measured 
using a dynamic light scattering apparatus (DLS-7000 manufactured by Otsuka Electronics Co., Ltd.). The measure- 
rs ments showed the average particle diameter d to be 1 60 nm, and the dispersion index uVG 2 to be 0.14. Note that in 
the event that C. I. Direct Black-17 was used independently, this was not dissolved in ISOPER H at all. 

First comparative example 

30 [0081] The same particle dispersion composition as with the example 2 was adjusted using Polymethacrylic acid 
(weight-average molecular weight of 30 f 000) instead of the block polymer used in the first example. After a month for 
storage following adjustment, precipitation occurred. 



35 



Fifth example 

Synthesis of amphipathic block polymer: 



[0082] Adjustment of monomer: 2-methoxy-ethyl-vinylether (which will be abbreviated to "MOVE" hereafter) and 
2-ethoxy-ethyl-vinylether (which will be abbreviated to "EOVE" hereafter) were synthesized by performing reflux for 
40 2-chloroethyl-vinyl-ether, and sodium methoxide and sodium ethoxide, respectively, using a tetrabutyl-ammomum io- 
dide catalyst (H. J. Schneider, U. S. Pat. 3,062,892 (1962)). 2-vinyloxy-ethyl-methacrylate (which will be abbreviated 
to VEM hereafter) was synthesized with the Williamson reaction. Synthesis of AB-di-block polymers formed of MOVE 
and EOVE: 

[0083] Following an atmosphere in a glass container with a 3-way valve being replaced by a nitrogen gas, the con- 
45 tainer was heated under the nitrogen gas atmosphere at 250°C so as to remove absorbed water. Following the system 
being returned to room temperature, 12 mmol of MOVE, 16 mmol of ethyl acetate, 0.1 mmol of 1-isobutoxy-ethyl- 
acetate, and 11 ml of toluene were added to the system, Upon the temperature of the system reaching 0°C, 0.2 mmol 
of an ethylaluminium sesquichloride/toluene of 25% by weight solution was added so that polymerization was started, 
whereby the component A of the AB block polymer was synthesized. The molecular weight was monitored in a time- 
so sharing manner using molecular sieving column chromatography (GPC), and following completion of polymerization 
of the component A, 1 2 mmol of EOVE was added to the system, whereby synthesis of the component B was performed. 
The polymerization was stopped by adding an ammonia/methanol solution of 0.3% by weight into the system. The 
mixture solution following this reaction was diluted with dichloromethane, was washed withTiydrochloric acid of 0.6 M 
three times, and subsequently was washed with distilled water 3 times. The obtained organic phase was condensed 
55 and coagulated with an evaporator following which vacuum drying was performed for the obtained organic phase, 
whereby a MOVE-EOVE-di-block polymer, which is the object, was obtained. Identification of the compound was per- 
formed with NMR and GPC. With both measurements, satisfied spectrographs were obtained (Mn = 2.5 x 10 4 , MnA/ 
MnB = ~Ax10 4 /Bx10 4 Mn/Mw = 1 .3). Subsequently, 20 units by weight of the above-described polymer and 3 
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weight units of Black Pigment Mogul L (manufactured by Cabot Co.) were added to 30 units by weight of distilled water 
following which the mixture solution was dispersed with an ultrasonic homogenizes The mixture solution was gradually 
added to 300 units by weight of a hydrocarbon organic solvent (ISOPER H) while stirring and dispersing the solution. 
Furthermore, 0.5 weight units of cobalt ditso-octyl-sulfo -succinate was added to the solution, and was stirred for ten 
5 hours under a temperature of 1 00°C so that the particle dispersion compositions in the ISOPER H were adjusted. The 
particle dispersion composition obtained in the fifth example, which had been stored for three months at room temper- 
ature, was placed in the space of 300 u/n between two copper electrodes formed on two glass substrates and left 
standing still. Upon applying an AC voltage of 300 V and 60 Hz to the structure, the black particles exhibited electro- 
phoresis according to the electric field. 

10 

Sixth example 

[0084] The particle dispersion composition described in the fifth example, which had been stored for three months 
at room temperature., was placed in the space of 300 u.m between two copper electrodes formed on two glass substrates 
15 and left standing still, in the same way as with the fifth example. Upon applying an AC voltage of 300 V and 60 Hz to 
the structure, the black particles exhibited electrophoresis according to the electric field. 

Comparative example 2 

20 [0085] The same particle dispersion composition as with the second example was adjusted using Polymeth acrylic 
acid (weight-average molecular weight of 30,000) instead of the polymer used in the fifth example. The particle dis- 
persion composition for comparison, which had been stored for three months at room temperature, was placed in the 
space of 300 \ivc\ between two copper electrodes formed on two glass substrates and left standing still. Upon applying 
an AC voltage of 300 V and 60 Hz to the structure, the black particles did not exhibit electrophoresis according to the 

25 electric field. 

Seventh example 

[0086] Block polymers were synthesized from monomers described below in the same way as with the fifth example. 

30 Monomer-al:4-(2-vinyloxy)ethoxy-biphenylof 50%and monomer-a2:isobutyl-vinyl-etherof 50% were used for the block 
A. 2-methoxy-ethoxy-vinyl-ether was used for the block B. 4-(2-vinyloxy)ethoxy-ethyl-hexonoate was used for the block 
C. The weight ratio of A, B, and C was 1 00 : 200 : 80, and identification of compounds was performed using NMR and 
GPC (Mn was 3.4 x 10 4 , and Mw/Mn was 1.39). Subsequently, alkaline hydrolysis was performed for the obtained 
compound, whereby a polymer wherein allcarboxylate ester units thereof have been substituted for sodium carboxylate 

35 units was obtained. Using this polymer, pigment-containing particles were formed in the same way as with the fifth 
example. The particles were measured with a dynamic light scattering apparatus DLS7000 manufactured by Otsuka 
Electronics Co., Ltd., and as a result, an average particle diameter of 280 nm, and a particle distribution of 0.13, were 
obtained. The particle dispersion solution was placed and left standing still between glass substrates on which ITO 
electrodes have been each formed with a space of 300 u,m therebetween, and upon applying an AC voltage of 300 V 

40 and 10 Hz to the ITO electrodes, the black particles exhibited electrophoresis according to the electric field. 

Eighth example 

[0087] With the eighth example, one unit by weight of the polymer used in the seventh example and 1.4 units by 
45 weight of Carbon Black were mixed in 120 units by weight of ISOPER, and following dispersion of the mixture solution 
by a homogenizer, filtration was performed with a membrane filter with pores of 2 ujti so as to remove coarse particles, 
so that a ISOPER dispersion solution of Carbon Black was adjusted. Measurement was made with the dynamic scat- 
tering light dispersion apparatus DLS7000 manufactured by Otsuka Electronics Co., Ltd., in the same way as with the 
seventh example, and as a result, it was confirmed that a dispersion solution having an extremely uniform particle 
50 distribution with an average particle diameter of 240 nm and a particle distribution of 0.05 was obtained. The particle 
dispersion solution was placed and left standing still between the glass substrates on which copper electrodes have 
been each formed with a space of 300 u,m therebetween, and upon applying an AC voltage of 300 V and 10 Hz to the 
copper electrodes in the same way as with the seventh example, the black particles exhibited electrophoresis according 
to the electric field. 

55 [0088] As described above, the present invention provides a particle composition and a composition wherein particles 
are dispersed, which exhibits excellent dispersion properties and can form superbly uniform particles. 
[0089] Furthermore, the present invention provides a display element, recording method, and recording apparatus, 
which employs the aforementioned composition which has excellent dispersion properties and forms superbly uniform 
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npirticles 

[0090] While the present invention has been described with reference to what are presently considered to be the 
preferred examples, it is to be understood that the invention is not limited to the disclosed examples. On the contrary, 
the invention is intended to cover various modifications and equivalent arrangements included within the spirit and 
scope of the appended claims. The scope of the following claims is to be accorded the broadest interpretation so as 
to encompass all such modifications and equivalent structures and functions. 

Claims 

1 . A composition wherein a non-aqueous solvent contains reverse micelle particles formed of block polymers having 
amphipathic properties. 

2. A composition according to Claim 1 , wherein said amphipathic block polymer is a block polymer having three or 
is more block segments. 

3. A composition according to Claim 1 , wherein said amphipathic block polymer is a high molecular compound having 
a repeated unit structure of polyvinyl ether. 

20 4. A composition according to Claim 1 , wherein said composition contains functional materials. 

5. A composition according to Claim 4, wherein said materials are contained in said reverse micelle particles. 

6. A composition according to Claim 1 , wherein said block polymer has a repeated unit structure represented by 



25 



30 



General chemical formula (1) 

- ( CH 2 - CH ) - 
1 

OR 1 

wherein Ri is selected from the straight-chain, branched or cycle alkyl group with a straight chain with a 
35 cartoon numberbetween one and eighteen, -Ph, -Pyr, -Ph-Ph, -Ph-Pyr, -(CH(R5)-CH(R6)-0) p -R', an6 < CH 2) m -(0)„- 

R7 and wherein the hydrogen atom of the aromatic ring may be substituted for a straight-chain or branched alkyl 
group with a carbon number between one and four, and wherein the cartoon atom of the aromatic ring may be 
substituted for a nitrogen atom; . . 

and wherein p denotes an integer between 1 and 1 8, m denotes an integer between 1 and 36, and n is 0 or 1 , 
40 and wherein R 5 and R 6 are independently selected from -H or -CH 3 ; 

and wherein W is formed of -H, a straight-chain, branched, or cyclic alkyl group with a carbon number be- 
tween 1 and 18, -Ph, -Pyr, -Ph-Ph, -Ph-Pyr, -CHO, -CH 2 CHO, -CO-CH=CH 2 -CO-C(CH 3 )=CH 2 , -CH 2 COOR 8 , 
wherein in the event that W is other than a hydrogen atom, the hydrogen atom combined with the carbon atorn 
within R 7 may be substituted for a straight-chain or branched alkyl group with a carbon number between one and 
45 four, -F -CI or -Br and the carbon atom of the aromatic ring may be substituted for a nitrogen atom; 

' and wherein R8 is -H or the alkyl group with a carbon number between one and five, wherein Ph represents 
the phenyl group, and Pyr represents the pyridyl group. 

7. A composition according to Claim 1 , wherein the average particle diameter of said reverse micelle particles is 
so equal to or less than 200 nm, and the particle distribution (dispersion index p/G*) thereof is equal to or less than 0.2. 

8. A composition according to Claim 1 , wherein said non-aqueous solvent is an organic solvent. 

9. A composition according to Claim 4, wherein said functional material is a color material. 

55 10. A recording method wherein recording on a medium is performed using a composition in which a non-aqueous 
solvent contains reverse micelle particles formed of block polymers having amphipathic properties 
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11. A recording apparatus wherein recording is performed using a composition in which a non-aqueous solvent con- 
tains reverse micelle particles formed of block polymers having amphipathic properties. 

12. An ink composition containing a composition wherein a non-aqueous solvent contains reverse micelle particles 
5 formed of block polymers having amphipathic properties. 

1 3. Particles, which exhibit electrophoresis, containing a composition wherein a non-aqueous solvent contains reverse 
micelle particles formed of block polymers having amphipathic properties. 

10 14. A wet toner employing particles, which exhibit electrophoresis, containing a composition wherein a non-aqueous 
solvent contains reverse micelle particles formed of block polymers having amphipathic properties. 

15. A display element employing particles, which exhibit electrophoresis, containing a composition wherein a non- 
aqueous solvent contains reverse micelle particles formed of block polymers having amphipathic properties. 

15 

16. A composition, in which are dispersed 

particles wherein a non-aqueous solvent contains compounds having amphipathic block polymers, and 
pigments. 

20 17. A recording method using a composition in which are dispersed 

particles wherein a non-aqueous solvent contains compounds having amphipathic block polymers, and 
pigments. 

18. A recording apparatus using a composition in which are dispersed 
25 particles wherein a non-aqueous solvent contains compounds having amphipathic block polymers, and 

pigments. 
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